(19) 




Europfilsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 808 167 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 

of the grant of the patent: 
" ^ 05.06^002 Bulletin 2002/23 

i 

(21) Application number: 96903815.7 

(22) Date of fliing: 09.02.1996 



.(51 ). int CI7: A61K 35/38. A61 F 2/02, 
A61 F 2/28, A61L 27/00 



(86) International application number: 
PCTAJS96/D1833 

(87) international publication number: 

WO 96/24365 (15.08.1996 Gazette 1996/37) 



(54) BONE GRAFT COMPOSITION 

KNOCHENTRANSPLANTAT-VERBINDUNGEN 
COMPOSITION POUR GREFFE OSSEUSE 



ffl 

N 

to 

00 

o 

OD 

o 

0. 

UJ 



(84) Designated Contracting States: ; 
DEFR GB IT : ' " 

(30) Priority: 10.02.1995 US 386432 

(43) Date of publication of application: 
26.11.1997 Bulletin 1997/48 

(73) Proprietors: 

• PURDUE RESEARCH FOUNDATION 
West Lafayette, IN 47907-1021 (US), 

• Methodist Health Group, Inc. 
Indianapolis, IN 46206-1367 (US) 

(72) Inventors: 

• BADYLAK, Stephen, F. 
West Lafayette, IN 47906 (US) 



• VOYTIK; Sherry * 
Lafayette, IN 47905 (US) 

* 

(74) Representative: Bannerman, David Gardner et al 
Withers & Rogers, 
Goldihgs House, 
2 Hays Lane 
London SE1 2HW(GB) 



(56) References cited: 
WO>A-90/00395 
CZ-A- 141 094 
US-A-5 352 463 



WO-A-93/05798 
US-A- 5 275 826 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement; it shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (PR) 



1 



EP 0 808 167 B1 



2 



Description 

Background and Summary of the Invention 

[0001 ] The present invention relates to a three-dimen- 
sional shaped bone graft construct and methods for its 
preparation. ^ - - ^ -.-^ . ^ = 

. [b002]-,-The construct according to the present Jnyen--^ 
tion comprises non-immunogenic bone graft composi- 
tions in povyderform comprising the tunica submucosa 
delaminatedfrbm the tunica muscuiaris and at leastthe 
luminal portion of the tunica mucosa of a segment of 
wami^biooded vertebrate intestine. Upon deposition in^ 
to a damaged or defective region of bony tissue, the 
bone graft powder conripositions promote growth of- en- 
dogenous tissue to repair the damaged or defective re- 
gion, c • - . 
[0003] It has been reported that compositions com- 
prising the tunica submucosa and the basilar portions 
of the tunica mucosa of the intestine of wamn-blooded 
vertebrates can be used as tissue graft materials In 
sheet form; See U.S.' Patent No. 4,902.508. The pre- 
ferred compositions described and claimed in that pat- 
ent are characterized by excellent mechanical proper- 

. .ties, including high compliance, a high burst pressure 
'point,' and an effective porosity index which allowed 

>^ such conripositions to be used Ipenef icialty for vascular 

; graft constructs, the graft niaterlals disclosed in that 
patent are also useful in tendon and ligament replace- 
ment applications. When used in such applications the 
preferred graft constructs appear to serve as^ a- matrix 
for the regrpwth of the tissues replaced by the graft con- 
structs. 

[0004] Furthenrifiofe, it has been discovered that intes- . 
tinal submucosa can'be fluidized by comminuting and/ 
or protease digestion, without loss of its apparent bio- 
tropic properties, for use in less invasive methods of ,ad- 

- ministration (e.g., injection or topical) to host tissues in 

- peed of repair. See U.$, Patent No. 5,275,826. Fluidized 
comminuted intestinal tissue corii'prising tunica submu- 
cosa has previously been successfully used to remodel 

^ damaged ligaments- and tendons. Common events to 
this remodeling process include: widespread and very 
rapid neovascularization, proliferation of ' granulation' 
mesehchymai cells, biodegradation of Implanted intes- 
tinal submucosa tissue, and lacl< of immune rejection. 
[0005] US Patent 5,352,463 discloses a fluidized, in- 
jectable tissue graft compositio comprising comminuted 
intestinal submucosa or protease-digested intestinal 
submucos; Methods for the preparation and use of In- 
jectable tissue graft compositions are described. 
[0006] The present application discloses a three-di- 
mensional shaped bone graft constaict for inducing the 
repair of bone in warm-blooded vertebrates. The bone 
graft construct can be implanted into a site in need of 
repair under conditions conducive to the proliferation of 
endogenous tissues. The bone graft construct Is fonned 
from intestinal tissue of a wamn-blooded vertebrate, the 



intestinal tissuis cohnprislng the tunica submucosa dela- 
minated from the tunica muscuiaris and at least the lu- 
minal portion of the tunica mucosa, or a protease digest 
thereof. 

5 [0007] Approximately 300,000 bohe grafting and frac- 
ture repair procedures are perfonrted each year in the 
United States. The market potential of an inexpensive, 

^. . readily prepared and easily- maintained bone graft, ma- 
terial is estimated.to be greater than 300 million dollars. 

10 Such blomateriais may be used to effectively repalrfrac- 
tures,. craniofacial defects, periodontal defects, arthrod-. 
esis, and skeletal reconstruction following secondary 
bone loss to infection or neoplasm. 
[0008] Currently, fresh autologous bone Is the most 

15 effective bone graft material available: .However, there . 
. are several disadvantages associated with the use of 
bone- autografts including limited supply, the need for 
additional surgical procedures, and added morbidity as- 
sociated with Its harvest. Allogeneic bone grafts are also 

20 clinically used, but such graft compositions have serious 
shortcomings^ associated^ with their use, including the 
limited availability of cadaver bone, the quality of the 
banked bone, and the potential spread of human dis-* 
/ • ease. 

25 [0009] Ceramics, such as hydroxyapatlteortricalcium 
. phosphate are also being investigated, but these mate- 
rials .are only osteoconductive rather than psteoihduc- 
* ' tlve: \,e. new bone Is generally only formed adjacent to 
the implant and the normal bone. More recentfy, a ma- 

30 terial known as Collagraft has been investigated as a 
, potential bone graft material, tt is a composite of bovine' 
collagen, hydroxyapatiteAricalcium phosphate fibrillae 
ceraiiniic, and bone marrow (aspirated from the iliac crest 
^ of the patient) : Th e disadvantage of Collagraft is It lacks 

35 Structural strength, and therefore lis not Useful in situa- 
tions where cortical grafting is needed. 
[0010] Because of the disadvantages associated with 
cun'ent bone, repair therapeutic strategies; there is a 
strong need for alternative bone graft materials. It has 

^ been previously reported that compositions comprising 
tunica submucosa and basilar portions of the tunica mu- 
;■ cosa of vertebrate intestine can-be used as tissue graft 
materials which induce the growth of endogenous tis- 
sues, tt has been discovered that powder fomns of In- 

^5 testihal tissue comprising tunica submucosa and basilar 
portions of the tunica mucosa retain their biotropic prop- 
erties and can be used as a bone graft material. As an 
. alternative bone graft material, the powder forms serve 
as a plentiful biological by-product that Is inexpensive, 

so readily prepared and easily maintained. This material In- 
duces and/or supports the regeneration of bony skeletal 
tissue, and preliminary results suggest that the structur- 
al and mechanical integrity of the grafted area Is at least 
equivalent to that of the preexisting bone. 

55 [001 1 J According to the present invention there is pro- 
vided a three-dimensional shaped bone graft construct 
for Inducing the repair of bone in a wamn-blooded ver^ 
tebrate said bone graft construct being fomned from a 
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composition consisting essentially of 

a mixture of intestinal submucosa or a digest 
thereof in powder form, wherein said Intestinal submu- 
cosa comprises the tunica submucosa delaminated 
from both the tunica muscuiarls and the luminal portion . 
of the tunica mucosa of a wamn-blooded vertebrate in- 
testine; and 

an additive selected from the group consisting of 
a bioactive agent or physiologically compatible mineral, 
wherein said composition is compressed to form the 
three-dimensional shaped construct. 
[0012] In orie embodiment the composition comprises 
lyophillzed comminuted large or small Intestinal tissue 
comprising the tunica submucosa delaminated from the 
tunica muscularis and at least the luminal portion of the 
tunica mucosa. There is provided a bone graft compo- 
sition comprising lyophillzed protease-digested intesti- 
nal tissue comprising the tunica submucosa delaminat- 
ed from the tunica muscularis and at least the luminal 
portion of the tunica mucosa. 

[0013] The described formulations have a variety of 
clinical uses in orthopedic surgery such as augmenting 
bony fusions, aiding in the repair of high-risk fractures, 
filling or bridging of bone defects, and assisting the at- 
tachment of metal or plastic prosthetic devices. In addi- 
tion, they may be valuable in the treatment of periodon- 
tal disease, and in other tooth repair processes. . 
[0014] Furthemnore, pharmaceuticals and other bio- 
active agents can be admixed, coupled, or complexed 
with the bone graft compositions of this invention to cre- 
ate a composition for treating bone disorders locally 
[0015] The bone graft compositions are used advan- 
tageously for inducing the repair of bone in a wamn- 
blooded vertebrate. The three-dimensional shaped 
bone graft composition, in powder fofrn compressed to 
form the three-dimensional shape, can be implanted in- 
to the damaged or defective region, vvherein the bone 
graft composition comprises the tunica submucosa and 
the basilar portions of the tunica mucosa of a segment 
of vertebrate intestine or a protease digest thereof. In * 
one embodiment the intestinal tissue consists essential- 
ly of the tunica submucosa, the muscularis mucosaand 
the stratum compactum of the tunica mucosa of warm- 
blooded intestinal tissue. 

[0016] Additional objects, features, and advantages 

of the invention will become apparent to those skilled in 
the art upon consideration of the following detailed de- 
scription of preferred embodiments exemplifying the 
best mode of canrying outthe invention as presently per- 
ceived. 

Detailed Description of the Preferred Embodiments 

[0017] One preferred starting material for bone graft 
compositions in the context of the present invention 
comprises submucosal tissue of a warm-blooded verte- 
brate. This submucosal tissue can be obtained from var- 
ious sources, including intestinal tissue harvested from 



animals raised tor meat production, Including, for exam- 
ple, pigs, cattle and sheep or other wamri-blooded ver- 
tebrates. 

[0018] The submucosal tissue used is preferably de- 
5 rived from the intestines, more preferably the small in- 
testine, of a wann-blooded vertebrate. Intestinal submu- 
cosal tissue may include basilar portions of the tunica 
mucosa; One preferred material for preparation of the 
compositions comprises the tunica submucosa along 
10 with the lamina muscularis mucosa and the stratum 
compactum of a segment of small Intestine, delaminat- 
ed from the tunica muscularis and the luminal portion of 
the tunica mucosa of said segment. Such material is 
generally referred to herein as intestinal submucosa. 
15 [0019] The preparation of intestinal submucosa from 
a segment of small intestine is detailed in U.S. Patent 
No. 4,902,508. 

[0020] A segment of intestine is first subjected to 
abrasion using a longitudinal wiping motion to remove 

20 both the outer layers (particularly the tunica serosa and 
the tunica muscularis) and the inner layers (the luminal 
portions of the tunica mucosa): Typically the intestinal 
submucosa is rinsed with saline and optionally stored in 
a frozen hydrated state until use as described below. 

25 [0021] In one comparative example a bone graft com- 
position is prepared from intestinal tissue comprising the 
tunica submucosa delaminated from the tunica muscu- 
laris and the luminal portion of the tunica mucosa of ver- 
tebrate intestine. Alternatively the bone graft composl- 

30 .tion in powder fonn can be prepared from fluidlzed in- 
testinal submucosa. 

[0022] Fluidized intestinal submucosa is prepared as 
described in U.S. Patent No. 5,275,826. The intestinal 
submucosa starting material Is comminuted by tearing, 

35 cutting, grinding, shearing and the like. Grinding the In- 
testinal submucosa in a frozen or freeze-dried state Is 
preferred although good results can be obtained as well 
by subjecting a suspension of submucosa pieces to 
treatment in a high speed (high shear) blender and de- 

40 watering, if necessary, by centrif uging and decanting ex- 
cess water. The comminuted tissue can be solubilized 
by enzymatic digestion, for example, by digesting the 
submucosa with a protease, such as trypsin or pepsin, 
at an acidic piH for a period of time sufficient to solubilize 

45 said tissue and form a substantially homogeneous so- 
lution. 

[0023] In one comparative example a powder fonn of 
warni blooded vertebrate intestinal tissue comprising 
the tunica submucosa delaminated from the tunica mus- 

50 cularis and the luminal portion of the tunica mucosa of 
vertebrate intestine is prepared by pulverizing the intes- 
tinal submucosa tissue under liquid nitrogen to produce 
particles ranging in size from 0.1 to 1 mm^. The partic- 
ulate is then lyophillzed overnight and sterilized to form 

55 a solid substantially anhydrous particulate composite. 
[0024] In an alternative confiparatlve example, a bone 
graft composition In powder fomi is fomned from fluid- 
ized intestinal submucosa. In this comparative example, 
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the prepared suspensions and solutions of comminuted 
intestinal submucosa are dried to form the powderized 
compositions of the present invention. 
[0025] Bone graft compositions can be sterilized us- 
ing art-recognized sterilization techniques Including gl- 
utaraldehyde tanning with glutaraldehyde, fomnatde- 
hyde tanning at acidic pH, propylene oxide treatment, 
gas. plasma sterilization, gamma radiation, electron 
beam and peracetic acid sterilization. The tissues can 
be sterilized during the preparation of the bone graft 
composition, or subsequent to the formation of the com- 
position but prior to implantation into a host. A steriliza- 
tion technique which does not significantly weaken the 
mechanical strength, structure and blotroplc properties 
of the graft is preferably used. For Instance, it Is believed 
that strong gamma radiation may cause lo'ssi of strength 
in the graft material. Because one of the most attractive 
features of the bone graft compositions Is their ability to 
Induce host-remodelling responses, it Is desirable notto 
use a sterilization approach which will detract from that 
property. Prefen^ed sterilization techniques include ex- 
posing the graftto peracetic add, 1 -4 Mrads gamma ir- 
radiation, more preferably 1-2.5 Mrads of.gamma In-a- 
diation, and gas plasma sterilization; peracetic acid ster- 
ilization being the most preferred method. Typically, the 
submucosal tissue is subjected to two or more steriliza- 
tion processes. After the submucosal tissue has been 
sterilized, the submucosal tissue may be wrapped in a 
. plastic or foil wrap and sterilized again using electron 
beam or gamma Irradiation sterilization techniques. • so 
[0026] Bone graft constructs in accordance with the 
present invention can be utilized for Inducing the repair 
of a damaged or defective region of a warm-blooded 
vertebrate's bony tissue. The bone graft construct can 
be Implanted into the damaged or diseased region un- 35 
der conditions conducive to proliferation of endogenous 
tissues. 

[0027] In one embodiment of the present invention, 
iyophiiized bone graft compositions can be used as an . 
Implantable heterograft for bone tissues in need of re- "to 
pair or augmentation, most typically to 'correct trauma 
or disease-induced tissue defects. The powder form of 
Intestinal submucosa is compressed into a variety of 
shapes that hold their shaped fonn for Implantation into 
a patient. These shaped bone graft cohstnjcts are man- 45 
ufactured in accordance with the present invention by 
forming a tissue graft mixture comprising intestinal sub- 
mucosa in powder form, as described above, and com- 
pressing the mixture to fonn a three dimensional shaped 
construct. The tissue graft mixture can be compressed so 
to fonn a predetemnined shape using standard tech- 
niques known to those skilled in the art. 
[0028] In this manner, the intestinal submucosa in 
powderfonn can be compressed into a three dimension- 
al construct shaped to fit the area targeted for endog- ss 
enous bone fomnation. Optimally the compressed pow- 
der bone graft will maintain Its general shape after Im- 
plantation during replacement of the graft construct with 



endogenous tissues. 

[0029] The tissue graft mixture comprises intestinal 
submucosa delamlnated from the tu n lea muscularis and 
the luminal portions of the tunica mucosa of warm- 
blooded vertebrate intestine. \n addition, support mate- 
rials may be combined with the bone graft powder prior 
to compressing the powder composition into its desired 
..shape. For example hydroxyapatite and/or other bior 
compatible calcium containing minerals can be com- 
bined with the bone graft in powder form to give addi- 
tional stnjctural support for the remodeled replacement 
tissue. Alternatively the powder bone graft composition 
can be pressed onto an existing structure or prothesis 
to form a bone graft layer on the structure prior to im- 
plantation of the structure/prothesis into a patient. 
[0030] In addition, tricalcium phosphate or other suit- 
able physiological mineral sources can be combined 
with the bone graft composition to assist in repair of 
damaged or diseased bone. Physiological compatible 
mineral may comprise up to 80% of the bone graft com- 
position. Preferably the physiological compatible miner- 
al comprises about 5% to about 50% of the bone graft 
composition, and most preferably comprises about 5% 
to 30% of the bone graft composition. 
[0031] Bioactive agents may be admixed with the 
powder Intestinal submucosal graft material to create a 
delivery system for the local treatment of bone disorders 
or diseases. In particular, bone graft compositions can 
be combined with ah effective amount of bioactive in- 
gredients, such as antibiotics, chemotherapeutic 
agents, growth factors, antigens, antibodies, enzymes 
or honnones. . 

[0032] For example, a tissue graft composition com- 
prising intestinal submucosal material and an antibiotic 
may be useful In the treatment of osteomyelitis, thereby 
reducing the need for and risk of parenteral antibiotics. 
In addition, a tissue graft composition comprising intes- 
tinal submucosal material and an antineoplastic agent 
could be used for the local treatment of bone neoplasm; 
and finally, a tissue graft composition comprising Intes- 
tinal submucosa! material and an osteogenic or other 
growth factor (e.g., osteogenin, bone morphogenetic 
protein, parathyroid hormone, and TGFp) could be use- 
ful to accelerate the repair of skeletal defects as occurs 
with excessive trauhna and with skeletal deficiency dis-' 
orders such as osteogenesis imperfecta and osteoporo- 
sis. 

COMPARATIVE EXAMPLE 1 

Bone Graft Composition In Powder Fomn 

[0033] Small intestine tissue comprising tunica sub- 
mucosa and the basilar portions of vertebrate intestine 
is minced or chopped into arbitrarily small pieces using 
tissue scissors, a single-edged-razor blade, or other ap- 
propriate cutting Implement. The tissue specimen are 
then are placed in a flat bottom stainless steel container 
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and liquid nitrogen is introduced into the container to 
freeze tt^e tissue specimen to prepare tliem for commi- 
nuting. 

[0034] The frozen specimen are then comminuted to 
form a coarse powder. Such processing can be earned 
out, for example, with a hnanuai arbor press with a cy- 
lindrical brass ingot placed on top of the frozen speci- 
men. The ingot serves as an interface between the . 
specimen and the arbor of the press, it is typically nec- 
essary to add liquid nitrogen periodically to the speci- 
men to keep them frozen. 

[0035] Other methods f orcomminuting small intestine 
tissue comprising submucosa tissue may be utilized to 
produce a bone graft composition in powder form. For 
For example, small intestine tissue comprising submu- 
cosa tissue can be freeze-drled and then ground. Alter- 
natively, small intestine tissue comprising submucosa' 
tissue can be processed in a high shear blender to pro- 
duce, upon dewatering and drying-, a bone graft compo- 
sition in powderform. Further grinding of the submucosa 
powder using a pre-chilled mortar and pestle can be 
used to produce a consistent, more finely divided prod- 
uct. Again, liquid nitrogen is used as needed to maintain 
solid frozen particles during final grinding. , 

COMPARATIVE EXAMPLE 2 

Soiubilized Bone Graft Composition in Powder Fomn 

•[0036]' Bone graft compositions comprising commi- 
nuted intestinal submucosa can be soiubilized to form 
,a substantially, homogeneous solution by digesting the 
composition with an enzyme. In one prefenred enhbodi- 
.ment, comminuted intestinal submucosa in powderform 
^(prepared as describe in Comparative example 1 ) is sift- 
ed through a wire mesh into a vessel and resuspended. 
The powder is then digested with 1 mg/ml of pepsin (Slg- 
. ma Chemical Co., St. Louis, 1^0) in 0.1 IVI acetic acid, 
adjusted to pH 2,5 with HC), over a 48 hour period at 
room temperature. The reaction medium is neutralized 
with sodium hydroxide to inactivate the peptic activity. 
The soiubilized submucosa is then concentrated by salt 
precipitation of the solution and separated forfurther pu- 
rification and/or freeze drying to f onn a protease soiu- 
bilized intestinal submucosa in powder form. 

CQIVIPARATIVE EXAMPLE 3 - Applications 

[0037] Two different bone graft compositions com- 
prising intestinal submucosa were investigated for their 
Induction of endogenous growth of bone tissue. One for- 
mulation consists of submucosa in its natural hydrated 
state and the other represents intestinal submucosa as 
a lyophilized particulate. 

[0038] To detemnine the osteogenic ability of intestinal 
submucosa, applicants used a well established animal 
model. The model involves the fomiatlon of circular de- 
fects (B-mm diameter) in the parietal bones of adult 



(greater than 6 months of age) Sprague Dawley rats. 
The defect is of a critical size such that the intraosseous 
wound would not heal by bone formation during the life- 
time of the animal. Various formulations of rat or porcine 

5 small intestinal submucosa were placed on the dura 
within the defect margins. Additional rats In which no 
material .or demlneralized allogeneic bone particles 
were placed in the defect area served as negative and 
positive controls, respectively. The periosteal and skin 

10 layers were then sutured dosed and the animals recov- 
ered for periods of 2 weeks to 1 year. At necropsy, the 
calvaria were grossly examined and radlomorphometry 
was used to measure radiopacity of skeletal defects. 
The calvaria were then harvested, fixed, sectioned, and 

15 stajned for histological evaluation. 

[0039] Intestinal submucosa in Its natural hydrated 
state was prepared from porcine and rat small intestine 
as previously described by in U.S. Patent No. 
4,902,508. The material was rinsed In phosphate buff- 

20 ered solution containing an antibiotic (gentamlcin sul- 
fate) and a protease inhibitor (phenylmethylsulfonyl flu- 
oride) and then sterilized using peracetic acid, gamma- 
in-adiation, and other techniques. Prior to Implantation, 
the material was minced Into 1 x 1 mm^ pieces and 

25 rinsed in sterile saline. 

[0040] Intestinal submucosa as a dehydrated partic- 
ulate was prepared by pulverizing intestinal submucosa 
under liquid nitrogen to achieve particles which ranged 
from. 0.1 to 1 mm2 in size. The particulate was then 

30 lyophilized overnight and then sterilized to fomn a solid 
anhydrous particulate composite. , ^ 
[0041] When no material Is applied to the defect area, 
new bone growth was limited to the defect margins, 
whereas the central portion of the defect showed a dis- 

35 organized fibrous connective tissue matrix. Incomplete 
healing (less than 10%) of the defect remained evident 
at 12 weeks following surgery. 
[0042] Four weeks following implantation of demlner- 
alized bone-particles, spicules of hew bone growth were 

^ evident throughout the defect area. By 8 weeks, bridges 
. of new woven bone were evident between demlneral- 
ized bone particles and between the edges of the defect 
and demineraiized bone particles. Based on radio- 
graphic data approximately 70-80% of the original de- 

<s feet area was filled by new bone. Thereafter, new bone 
growth appeared to increase in density and level of mat- 
uration such that none of the original defect area re- 
mained. 

[0043] Studies involving various formulations of intes- 
50 tinal submucosa indicated that after four weeks follow- 
ing implantation, islands of new bone fomried at the edg- 
es of the defect and throughoutthe defect area. By eight 
weeks, the new bone growth increased in density and 
level of maturation such that the defect margins were 
55 bridged with new bone: the new bone occupying about 
70-80% of the original defect area. The new bone was 
effectively fused with the old bone flanking the defect. 
[0044] Based on the currently available data, there 



9 



EP 0 808 167 B1 



10 



are no observable differences between the effective- 
ness of intestinal subnnucosa In its natural hydrated 
state as compared to Intestinal submucosa as a tyophi- 
lized particulate when used to induce new bone tonna- 
tion. At early tinr^e points (4 weeks following implanta- 
tion), it appears that both are effective at inducing oste- 
ogenic activity. Additionally, it is apparent that intestinal 
submucosa in its natural hydrated state and as a lyophi- 
lized particulate induced growth of new bone more effi- 
ciently and at a faster rate than cun'ently used therapeu- 
tic strategies. The resultant new bone growth induced 
by the intestinal submucosa was more homogenous 
than that observed in the positive control animals. 
[0045] Advantageously, lyophilized particulate com^ 
positions can be molded, pressed, and contoured, for 
example, to fit a bone defect. In addition, composites 
involving intestinal submucosa and various other mate- 
rials (e.g., hydroxy apatite, tricalcium phosphate, etc.) 
may be formed and useful for tissue repair. 
[0046] , The lyophilized submucosa compositions find, 
wide application- both in bone tissue replacement and 
repair Three-dimensjonai bone graft constructs In ac- 
cordance with the present invention can induce re- 
growth of natural connective tissue or bone in an area 
of an existent defect. Damaged or defective regions of 
:bone can be repaired by contacting the damaged or de- 
fective region with a three-dimensional bone graft con- 
struct comprising intestinal submucosa. 
.[0047] Perhaps the most remarkable aspect of the 
■constructs of the present Invention is their^abillty to in- 
duce regrowth of natural bone tissue in an affected area. 
.By .contacting a damaged or defective region of bony 
tissue with an effective amount of the present lyophilized 
Intestinal submucosa compositions, one can Induce nat- 
ural bone growth and repair of the damaged or defective 
region. 

[0048] Although the invention has been described in 
detail with reference to certain prefen-ed embodiments, 
variations and modifications exist within the scope of the 
invention as described and defined In the following 
claims. 



Claims 

1. A three-dimensional shaped bone graft construct 
for Inducing the repair of bone in a wami-blooded 
vertebrate said bone graft construct being formed 
from a composition consisting essentially of 

a mixture of intestinal submucosa or a digest 
thereof in powder fonm, wherein said intestinal 
submucosa comprises the tunica submucosa 
delaminated from both the tunica muscularis 
and the luminal portion of the tunica mucosa of 
a wanm-blooded vertebrate intestine; and 
an additive selected from the group consisting 
of a bioactive agent or physiologically compat- 



ible mineral, wherein said composition is com- 
pressed to form the three-dimensional shaped 

construct. 

s 2. The bone graft composition of claim 1 vyherein the 
physiologically compatible mineral comprises a cal- 
cium containing mineral. 

3. The bone graft composition of claim 1 wherein the 
10 bioactive agent'is a growth factor. 

4. A method of manufacturing a bone graft construct, 
said method comprising 

^5 forming a tissue graft mixture consisting essen- 

tially of intestinal submucosa or a digest thereof 
in powderform, wherein said intestinal submu- 
cosa comprises the tunica submucosa delami- 
nated from both the tunica muscularis and the 
luminal portions of the tunica mucosa of warm- 
blooded vertebrate Intestine and; 
compressing' said mixture to fomn a three-di- 
mensional shaped construct. 

25 5. A method of manufacturing a bone graft construct, 
said method comprising 

fomiing a tissue graft mixture consisting essen- 
tially of intestinal submucosa or a digest thereof 
30 in powderform, wherein said intestinal submu- 

cosa comprises the tunica submucosa delami- 
nated from both the tunica muscularis and the 
luminal portions of the tunica mucosa of wanm- 
. blooded vertebrate intestine and ah additive se- 
35 lected from the group consisting of calcium con- 

taining minerals and bioactive agents; and 
compressing said mixture to fonn a three-di- 
mensional shaped construct is shaped to con- 
form to fit an area targeted for endogenous 
40 bonefomiatlon. 

6. The use of Intestinal submucosal tissue of a warm- 
blooded vertebrate in the preparation of a biode- 
gradable bone graft construct useful for inducing 

^5 the repair of bone in. a wami-biooded vertebrate, 
said bone graft construct consisting essentially of. 
intestinal submucosa tissue of a wann-blooded ver- 
tebrate wherein the intestinal submucosa compris- 
es the tunica submucosa delaminated from both the 

50 tunica muscularis and the luminal portions of the tu- 
nica mucosa, or a digest thereof, in powder fomn 
and compressed into a pre-determined three-di- 
mensional shape prior to Implantation, wherein the 
compressed powder bone graft construct maintains 

55 its general shape after Implantation during the re- 
placement of the graft construct with endogenous 
tissue. 
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7. The use of intestinal submucosal tissue of a waim- 
blooded vertebrate in the preparation of a biode- 
gradable bone graft construct useful for inducing 
the repair of bone in a warm-blooded vertebrate, 
said bone graft construct consisting essentially of 

, intestinal submucosal tissue of a warm-blooded 
vertebrate wherein the intestinal submucosa com- 
prisesthetunicasubmucosadelaminated from both 
the tunica muscularis and the luminal portions of the 
tunica mucosa, or a digest thereof , in powder fomn 
and an added bloactive agent selected from the 
group consisting of physiological compatible miner- 
als, growth factors, antibiotics, chemotherapeutic 
agents, antigens, antibodies, enzymes and hor- 
mones, wherein said submucosal tissue and bloac- 
tive agent are compressed into a pre-detennlned 
three-dimensional shape prior to implantation, and 
wherein the compressed powder bone graft con- 
struct maintains Its general shape after implantation 
during the replacement of the graft construct with 
endogenous tissues. 

PatentansprUche 

1. Dretdlmenslonal geformtes Knochentransplantat- 
konstnikt zur Induzlerung der Wiederherstellung 
von Knochen In einem warmbldtlgen WIrbeltler, wo- 

bei das Knochentransplantatkonstrukt aus einer 
Zusammensetzung geblldet 1st, die im Wesentli- 
chen besteht aus 

einer MIschung von intestlnaler Submukosa 
Oder einem Verdauungsprodukt derselben in 
pulverformiger Form, wobei die intestinale Sub- 
mukosa die von sowohl der tunica muscularis 
und dem luminalen Bereich der tunica mucosa 
des Darms eines wamiblOtigen Wlrbeltleres 
abgeschalte tunica submucosa aufwelst, und 
einem Additiv ausgewahit aus der Gnjppe be- 
stehend aus einem bioaktiven Mitte! oderphy- 
siologisch kompatiblen Mineral, wobei die Zu- 
sammensetzung komprimiert ist, um das drei- 
dimensipnal gefomite Konstruktzu bllden. 

2. Knochentransplantat nach Anspnjch 1 , dadurch 
gekennzeichnet, dass das physiologisch kompa- 
tible Mineral ein Calcium enthaltendes Mineral auf- 
welst. 

3. Knochentransplantatzusammensetzung nach An- 
spruch 1 , dadurch gekennzelchnet, dass das bio- 
aktive MIttel ein Wachstumsfaktor Ist 

4. Verfahren zur Herstellung eines Knochentransplan- 
tatkonstmkts, wobei das Verfahren umfasst: 

Bildung einer Gewebetransplantatmischung. 



die im Wesentlichen aus intestlnaler Submuko- 
sa Oder einem Verdauungsprodukt derselben 
in pulverfonnlger Form besteht, wobei die inte- 
stinale Submukosa die tunica submucosa auf- 

5 weist, die von sowohl der tunica muscularis und 

den luminalen Beretohen der tunica mucosa 
des Danns von wamfifalQtlgen WIrbeltieren ab- 
. geschaltist, und - 

Komprimienjng der MIschung. um ein dreidi- 

10 mensional geformtes Konstrukt zu bildeh. 

5. Verfahren zur Herstellung eines Knochentransplan- - 
tatkonstrukts. wobei das Verfahren umfasst; 

IS - Bildung einer Gewebetransplantatmischung im 
Wesentlichen bestehend aus Intestlnaler Sub- 
mukosa Oder einem Verdauungsprodukt der- 
selben in pulverfonniger Fonri, wobei die inte- 
stinale Submukosa die tunica submucosa auf- 

20 weist, dievon sowohl der tunica muscularis und 

den luminalen Berek:hen der tunica mucosa 
des Damns von warrhblutigen WIrbeltieren ab- 
geschalt ist, und einem Additiv. das ausgewShlt 
ist aus der Gruppe bestehend aus Calcium ent- 

25 hattenden Mineralen und bioaktiven Mittein, 

und 

Komprimierung der MIschung zur Bildung el- 
f nes dreidimensional gefomiten Konstrukts, 

welches gefomnt Ist, um zur Anpassung an ei- 
30 nen fur eine endogene Knochenbildung ausge- 

suchten Bereich zu entsprechen. 

6. Verwendung von submukosalem Darmgewebe ei- 
nes wannblutlgen WIrbeltleres bei der Herstellung 

35 eines bioabbaubaren Knochentransplantatkon- 
strukts, das zur Induzierung der Wiederherstellung 
von Knochen in einem wannblutlgen WIrbeltler 
brauchbar 1st, wobei das Knochentransplantatkon- 
strukt Im Wesentlichen aus submukosalem Darm- 

40 gewebe eines wanTtbiiitigen WIrbeltleres besteht. 
wobei die intestinale Submukosa die tunica submu- 
cosa aufweist, die von sowohl dertunica muscularis 
und den luminalen Bereichen der tunica mucosa 
abgeschalt ist, oder ein Verdauungsprodukt dersel- 

^5 ben, in pulverformiger Form, und die vor der Implan- 
tation in eine vorbestimmte dreidlmensionale Ge- 
stalt komprimiert wurde, und wobei das komprimier- 
te Konstnjkt aus Knochentransplantatpulver seine 
allgemeine Gestalt nach der Implantation wahrend 

50 der Ersetzung des Transplantatkonstrukts mit en- 
dogenem Gewebe beibehalt. 

7. Verwendung von submukosalem Darmgewebe ei- 
nes warmblutigen Wirbeltieres bei der Herstellung 

55 eines bioabbaubaren Knochentransplantatkon- 
strukts, das zur Induzierung der Wiederherstellung 
von Knochen in einem wamiblOtigen WIrbeltler 
brauchbar ist, wobei das Knochentransplantatkon- 
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strukt im Wesentlichen aus submukosalem Darm- 
gewebe eines warmbliitigen Wirbeltieres besteht, 
wobei die intestinale Submukosa die tunica submu- 
kosa aufwelst, die sowohl von dertunicamuscutaris 
und den luminalen Bereichen der tunica mucosa 
kbgeschalt ist, Oder ein Verdauungsprodukt dersel- 
ben, in pulverformiger Fomri, und einem zugefugten 
bioaktiven Mittel ausgewahit aus derGruppe beste- 
hend aus physiologisch kompatiblen l\yiineralien, 
Wachstumsfaktoren, Antlblotika, chemolherapeutl- 
schen Mittein, Antigenen, Antikorpem, Enzymen 
und Homnonen, wobei das subnrtukosale Gewebe 
und bioaktive Mittel vor der Implantation in eine vor- 
bestimmte dreidinnensionale Gestalt komprimiert 
. sind und wobei das komprimierte Kpnstrukt aus 
Knochentransplantatpuiver seine allgemeine Ge- 
stalt nach der Implantation wahrend der Ersetzung 
des Transplantatkonstrukts mit endogenen Gewe- 
ben belbehalt. 

Revendlcations 

1. Construction defomnetridimensionnelle pour greffe 
osseuse pour induire la reparation de I'os chez un 
vertSbrS d sang chaud, iadite construction pour 
greffe osseuse etant formee a partir d'une connpo- 
sition cohsistant sensiblenneht en : un melange de 
sous-muqueuse intestinale ou un digest^ de cette. 
dernifere sous forme de poudre, dans laquelle Iadite 
. sous-muqueuse intestinale comprend la tunique 
sous-muqueuse delaminSe h ia.fois de la tunique 
musculaire et de la portion luminale de la tunique 
muqueuse de rintestin d'un vert^br^ & sang chaud; 
• et un additif s^tectionn^ dans ie groupe cohsistant 
en un agent bioactif ou un mineral physiologique- 
ment compatible, dans laquelle Iadite composition 
est comprim6e pour former la construction de fonne 
tridlmensionnelle. 

2i Composition pour greffe osseuse de la revendica- 
tion 1, dans laquelle Ie mineral physiologiquement 
compatible comprend un mineral contenant du cal- 
.cium. 

3.- Composition pour greffe osseuse de la revendica- 
tion 1 , dans laquelle Tagent bioactif est un facteur 
de croissance. 

4. . Proc6d§ de fabrication d'une construction pour 
greffe osseuse, ledit precede comprenant les ope- 
rations consistant & : fomner un melange pour greffe 
'de tissu consistant sensiblement en une sous-mu- 
queuse intestinale ou en^ un digeste de cette der- 
ni§re sous fonme de poudre. dans lequel Iadite 
sous-muqueuse intestinale comprend la tunique 
sous-muqueuse d^lamin^ & la fois de la tunique 
nriusculaire et des portions luminaies de la tunique 



muqueuse de rintestin d'un yertSbr^ k sang chaud 
et; a comprimer ledit melange pour former une 
construction de fonme tridlmensionnelle. 

5 5. Proc^dS de fabrication d'une construction pour 
greffe osseuse, ledit proc6d6 comprenant les ope- 
rations consistant ^ former un melange pour greffe 
- de tissu consistant sensiblement en une sous-mur^ 
queuse intestinale ou en un digests de cette der- 

10 niere sous forme de poudre, dans lequel Iadite 
sous-muqueuse Intestinale comprend la tunique 
sous-muqueuse (i6\amu6ek la fois de la tunique 
musculaire et des portions luminaies de la tunique 
muqueuse de rintestin d'un vertebra k sang chaud 

15- et un additif s6lectionn6 dans Ie groupe consistant 
en minSraux contenant du calcium et en agents 
bioactifs et k comprimer ledit mdlange pour fonner 
une construction de fomrie tridlmensionnelle est fa^ 
9onnde pour se conformer k s'adapter a une aire 

20 cibl§e pour la fomiation d'os endogdne. 

6. Utilisation de tissu de la sous-muqueuse intestinale 
d'un- vert6br§ k sang chaud dans la preparation 
d'une construction biodegradable pour greffe os- 

25 seuse utile pour induire la reparation de I'os chez 
un vertebre k sang chaud, Iadite construction pour 
greffe osseuse consistant sensiblement en un tissu^ 
. de la sous-muqueuse intestinale d'un vertebre k 
sang chaud dans laquelle la sous-muqueuse intes- 

30 tinale coniprend la tunique sous-muqueuse d^lami- 
nee a la fois de la tunique musculaire et des portions 
luminaies deHa tunique muqueuse, ou un digeste 
de celies-ci, sous fbmrie de poudre et comprimee 
dans une fomne tridlmensionnelle predetenninee 

35 avant Implantation, dans laquelle ia construction 
comprimee en poudre pour greffe osseuse conser- 
ve sa fomne generale apres implantation au cours 
du remplacement de la construction pour greffe par 
du tissu endogene. 

40 , 

7. Utilisation de tissu de ia sous-muqueuse intestinale 
d'un vertebre k sang chaud dans la preparation 
d'une construction biodegradable pour greffe os- 
seuse utile pour induire la reparation de i'os chez 

45 un vertebre a sang chaud, Iadite construction pour 
greffe osseuse consistant sensiblement en un tissu 
de la sous-muqueuse intestinale d'un vertebre k 
sang chaud dans laquelle la sous-muqueuse intes- 
tinale comprend la tunique sous-muqueuse deiami- 

50 nee k la fois de la tunique musculaire et des portions 
luminaies de la tunique muqueuse, ou un digeste 
de ceiles-ci, sous fonne de poudre et un agent 
bioactif ajoute s6lectionne dans ie groupe consis- 
tant en mineraux compatibles physiologiques, fac- 

55 teurs de croissance. antibiotiques. agents chimio- 
therapeutiques, antigenes, antlcorps, enzymes et 
homnones, dans laquelle lesdits tissu de sous-mu- 
queuse et agent bioactif sont comprlmes en une f or- 
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me tridimensionnelle pr6d§tei7nin§e avant implan- 
tation et dans laquelle la construction comprimee 
en poudre pour greffe osseuse conserve sa forme 
g§ndrale aprbs implantation au cours du remplace- 
ment de la construction pour greffe par du tissu en- s 
' dogene. 
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